Motivation: In eukaryotic genomes, histone acetylation and thereafter departure from
Introduction
A fundamental difference between eukaryotes and prokaryotes is that eukaryotic DNA is assembled into nucleosomes. The crystal structure of the nucleosome core particle shows that 146 bp of DNA wraps 1.65 turns around the histone octamer (Luger et al., 1997) . This complex is the repeating unit of chromatin and structural basis of eukaryotic chromosomes. The histones cover the entire eukaryotic DNA and prevent the genetic information from being accessed by many biological machineries, such as transcription, replication, and recombination. There are several mechanisms through which chromosomal histones are destabilized and DNA is exposed to various biological processes, such as acetylation, methylation, phosphorylation, and ubiquitination .
Among these histone modifications, acetylation is the best studied and most appreciated (Kurdistani and Grunstein, 2003) . Nucleosomal core histones (include H2A, H2B, H3, and H4) have lysine-rich amino termini, which are positively charged and bind tightly with negatively charged DNA (Luger et al., 1997) . These lysines undergo acetylation-deacetylation switch depending on different physiological conditions (Kornberg and Lorch, 1999) . The balance of this modification is achieved by enzymes known as histone acetyltransferase and histone deacetylase.
Histone acetylation on lysines neutralizes the charge on histones, therefore, facilitating their departure from DNA. As a result, DNA is exposed and many biological functions are carried out.
Since the discovery of histone acetylation over four decades ago (Allfrey et al., 1964) , numerous studies have demonstrated that histone acetylation exists throughout the whole genome in eukaryotes (Kurdistani and Grunstein 2003) . Recently, genomic approaches are used to measure global histone acetylation in yeast Saccharomyces cerevisiae. One method is chromatin immunoprecipitation followed by multiplex PCR, which is used to measure the acetylation level in genomic region surrounding yeast gene PHO5 (Vogelauer et al., 2000) . An even lager scale method is chromatin immunoprecipitation followed by DNA microarray measurements. It is capable of measuring histone acetylation levels across the entire yeast genome. Kurdistani et al. apply Goodrich et al., 1996) . Many efforts have been undertaken to map the genome-wide transcription factor binding activities using chromatin immunoprecipitation followed by DNA microarrays in yeast. One of the early studies mapped binding activities for only two transcription factors (Gal4 and Ste12) in all the yeast promoter regions (Ren et al., 2000) . In more recent studies, the binding activities of hundreds of transcription factors are being measured simultaneously (Lee et al., 2002; Harbison et al., 2004) .
It is likely that histone acetylation and transcription factor binding are mutually dependent steps during gene transcription (Kurdistani and Grunstein 2003) . Observations have been made on transcription factors assisting histone acetylation in the promoters (Larschan and Winston, 2001 ). However, the relationship between histone acetylation and transcription factor binding has not been systematically studied. We take advantage of two recent genomic datasets in yeast: acetylation levels on eleven histone lysines (Kurdistani et al., 2004) and binding activities of 203 transcriptional regulators (Harbison et al., 2004) , both on all the promoters. They are generated by studies with similar experimental settings. Both use yeast growing exponentially in rich medium and DNA microarrays as the measurement device. The similarity makes the two data sets ideal for exploring the correlation between yeast histone acetylation and transcription factor binding in the yeast genome.
In this study, the histone acetylation levels and transcription factor binding activities in yeast promoters are retrieved from the two data sets. We then perform statistical analyses on the correlation between acetylation and transcription factor binding in the yeast genome. By canonical correlation analysis, we find that there is a pattern in histone acetylation correlated with a specific profile of transcription factor binding on the promoters in the yeast genome. 1998). Our results suggest that they might be transcription factors that work together with proteins involved in the histone acetylation process.
In conclusion, canonical correlation analysis shows that, in the yeast genome, histone By PCA analysis, we find that the TF binding activities are distinct among these clusters, even though they are clustered by histone acetylation levels. This further supports there is correlation between histone acetylation and transcription factor binding in the yeast genome.
TF binding profiles in histone acetylation clusters
By principle components analysis, histone acetylation patterns seem correlated with transcription factor binding profiles in these clusters. Next, we analyze what is the specific transcription factor binding profile in each cluster. The size of clusters is mostly ranged from 10-50 promoters, so canonical correlation analysis is not applicable (Tabachnick and Fidell, 2001 ).
To investigate the unique transcription factor binding profile in a cluster, we use T-test to compare TF binding activities in the cluster with the mean binding activities of the same TFs in the genome. Because of multiple hypothesis testing, the P-values of T-test are corrected by the method developed by Hommel (Hommel, 1988) .
From this analysis, we identify transcription factors with binding activity in a cluster significantly deviated from that of the overall genome. Many clusters have distinguished TF binding activity profile detected by T-test (corrected p<0.0001). The strict p-value cut-off was intended to pick up true transcription factors that are related with histone acetylation. These transcription factors together with functional annotations are listed in Table 2 . Many of the transcription factors in Table 2 
Transcription factor binding profile in cluster 14
As shown in Figure 2 , there are over a dozen of transcription factors with binding activities significantly deviated from the genomic mean (see Table 2 
TF Profile in Cluster 14
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Transcription factor binding profile in cluster 16
Another cluster with interesting transcription factor binding profile is cluster 3 (Figure 3 ).
Spt10, also functions as histone acetylase (Hess et al., 2004) , Snf1 and histone acetyltransferase Gcn5 function in an obligate sequence to change the histone acetylation level (Lo et al., 2001 ).
Transcription factor SPT10 has a dual function of histone acetylase (Hess et al., 2004) . Two other significant transcription factors, Snf1 is also necessary for histone acetylation. Snf1 and histone acetyltransferase Gcn5 function in an obligate sequence to change the histone acetylation level (Lo et al., 2001 ).
From MIPS (Mewes et al., 1998) , we know that many of the rest of these significant transcription factors (Ask10, Dal80, Gal3, Mds3, Wtm1/2) interact with proteins involved in changing histone acetylation level. Among the six transcription factors, Wtm1/2 are involved in gene silencing, which may be because they can interact with histone acetyltransferase (Pemberton and Blobel 1997) . The other four transcription factors might have a similar mechanism.
Based on MIPS (Mewes et al., 1998) , we find that other three significant transcription factors (Kss1, Met18, and Ybr267w) interact with proteins involved in changing histone acetylation. So they may also be involved in histone acetylation process.
Here, we demonstrate that in a histone acetylation cluster, there is a transcription factor binding profile which is significantly deviates from the overall genome. Most of these transcription factors with significantly deviated binding activities are related with histone acetylation based on literature information or MIPS interaction data. These results suggest that unique histone acetylation patterns may be related to specific transcription factor binding profiles. However, neither theory can be proved from our analysis. Both may have some truth in them.
TF Profile in Cluster 16
In the early stage of transcription initiation, when the entire DNA is coated with histone, histone acetylation must precede any transcription factor binding. It is conceivable that transcription factors may recognize this initial acetylated histones ("codes"). In the later stage of transcription initiation, some transcription factors are already bound to DNA. It is likely that these transcription factors help bring in more proteins to acetylate histones of neighboring regions, and accelerate the transcription initiation process. We believe both theories might be correct, though in different stages of gene transcription process.
Our analyses identify some transcription factors that are previously not known to be related with histone acetylation. Interestingly, a transcription factor Fhl1 appears significantly different from the genomic mean in multiple clusters. Fhl1p is highly concentrated at yeast ribosomal protein gene promoters and known to regulate ribosomal RNA processing and protein synthesis (Martin et al., 2004) . It is also known that histone acetylase Esa1 plays a role in activation ribosomal protein genes. Our analysis suggests that Fhl1 may recruit the histone acetylase Esa1 We inevitably have some false positives in our T-test analysis, though our statistical cutoff is fairly stringent. Some of transcription factors in Table 2 which we could not find supporting evidence could be false positives. Nevertheless, our analysis strongly suggests correlation between histone acetylation and transcription factor binding in the promoters of yeast genome. It further suggests that histone acetylation is closely involved in gene transcriptional regulation.
